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The embryos of most winged
insects are surrounded by
extraembryonic epithelia, which
— in analogy to their vertebrate
counterparts — are named
‘serosa’ and ‘amnion’. While the
amnion extends from the
embryo’s margins and generates
a ventral fluid filled amniotic
cavity, the serosa almost always
originates from an anterior or
anterodorsal portion of the egg
and closes around the embryo
and the yolk. There are at least
two reasons why extraembryonic
tissues are interesting from an
evolutionary point of view. First,
they are thought to protect
against infection and desiccation.
Thus, they might have
contributed significantly to the
unparalleled evolutionary success
of insects by reducing constraints
on suitable sites for egg
deposition [1,2]. Second, the
reduction of extraembryonic
tissues in higher flies to a dorsal
vestige, dubbed ‘amnioserosa’,
appears to correlate exactly with
the evolutionary appearance of
the homeodomain gene bicoid.
bicoid functions as an embryonic
determinant for anterior
development and has received
much attention, because it
provided the first molecular
support for the concepts of
localized cytoplasmic
determinants and morphogen
gradients [3]. However, the
functional evolution of this gene
has remained obscure. In
Drosophila and other higher
dipterans, bicoid mRNA is
localized at the anterior pole of
the early embryo. From there,
Bicoid protein forms a gradient
and regulates the expression of
segmentation genes in a
concentration-dependent
manner. Most dipterans and
other insects, however, seem to
lack bicoid. The Hox3 gene zen is
most closely related to bicoid [4].
It specifies the amnioserosa in
higher flies [5], but its function
outside the dipterans and hence
its potential ancestral role is not
clear.
A study in this issue of Current
Biology [6] from the laboratory of
Siegfried Roth now sheds new
light on the functional evolution of
zen and bicoid. The authors
investigated the function of zen in
the red flour beetle, Tribolium
castaneum, which develops the
full complement of
extraembryonic epithelia. Their
results demonstrate an essential
requirement for zen in the
formation of extraembyronic
tissue and a more subtle role of
zen in embryonic patterning along
the anterior–posterior axis.
Assuming similar functions of zen
in the last common ancestor of
higher flies, these findings support
a model in which the ancestral
gene shared functional
characteristics of zen and bicoid.
zen and Extraembryonic
Development
In Tribolium, the zen gene is
duplicated (Tc-zen1, Tc-zen2)
[7,8]. The expression patterns of
both genes overlap in part, but
their functions appear not to. This
subfunctionalization of the two
Tribolium zen genes enabled Van
der Zee et al. [6] to distinguish
early and late requirements for
zen activity in the Tribolium
embryo. Using parental RNAi [9],
they found that Tc-zen1 functions
early in development and is
essential for the specification of
serosal cell fate. In embryos in
which Tc-zen1 function has been
compromised, the presumptive
serosa is transformed into
amniotic and embryonic tissue,
as evidenced by altered
expression of various marker
genes and changes in cell
morphology. Apparently,
Tribolium zen activity is not
required for specifying amniotic
tissue, because double knock-
down of Tc-zen1 and Tc-zen2
does not lead to the loss of
amniotic cell fate [6]. However,
Tc-zen2 is essential for merging
the late amniotic epithelium with
the serosa. This process ruptures
the amniotic cavity and enables
the left and right lateral epidermis
of the embryo to close along the
dorsal midline (Figure 1A–C).
Obviously, this function of
Tribolium zen is not conserved in
higher flies with their reduced
dorsal amnioserosa. However,
the requirements of zen activity
for establishing serosal cell fate
in Tribolium and amnioserosal
cell fate in Drosophila are similar
and suggest that some functions
of zen homologs are conserved.
zen and Embryonic Development
Surprisingly, even the complete
loss of the serosa in Tribolium
does not lead to developmental
arrest — in fact roughly 50% of
these embryos hatch. This is
even more surprising in view of
the distorted embryonic fate map
of Tc-zen1 RNAi embryos. In
such embryos, the early
expression domains of pair-rule
segmentation genes, such as
even-skipped and hairy, are
expanded and shifted anteriorly.
This effect is graded and affects
the anterior portion of the embryo
more strongly than more
posterior body parts. Delayed
condensation of the embryonic
anlage in Tc-zen1 depleted
A recent study reveals specific functions of Hox3/zerknüllt (zen) in the
extraembryonic and embryonic primordia of the red flour beetle,
Tribolium castaneum. The results shed light on the functional evolution
of bicoid, a zen paralogue of higher flies, which determines anterior
body parts.
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embryos cannot account for
these changes, which are already
visible at an early stage of
development. The authors,
therefore, conclude that Tc-zen1
most likely functions directly in
patterning of the embryonic
primordium. In this respect, Tc-
zen1 resembles bicoid, which
affects the initial size and
position of embryonic anlagen
along the anterior–posterior body
axis in a concentration
dependent manner [10]. To
explain the effect of Tc-zen1 on
embryonic patterning the authors
propose that zygotic Tc-zen1
protein spreads from the
extraembryonic anlage to the
embryonic primordium. Spread of
Zen protein would, however,
require a continuous embryonic
cytoplasm at this stage, an
assumption that remains to be
demonstrated. Alternatively,
maternal expression of Tc-zen1
[6] could provide a source for Tc-
zen1 activity in the embryonic
anlage. Indeed, maternal zen
expression is conserved in a wide
range of insects, which points to
a significant developmental role
of this expression [11]. Moreover,
maternal zen expression is
absent in insects that possess
the maternally expressed gene
bicoid [12]. This is consistent
with the hypothesis that bicoid
took over the maternal role from
the common zen/bicoid
precursor. However, loss of
bicoid activity in higher flies has
a much more pronounced effect
on embryonic patterning than the
loss of zen activity in Tribolium.
This indicates that bicoid evolved
its role as a primary anterior
determinant de novo. In
Tribolium, the function of bicoid
might be carried out by a
plethora of genes, including
homologs of orthodenticle,
hunchback and zerknüllt, as well
as other unidentified genes, such
as a regulator of caudal
translation [13].
The Serosa and the Evolution of
Anterior Determinants
The ability of Tribolium embryos
lacking Tc-zen1 function to hatch
as larvae demonstrates a high
degree of developmental
plasticity with respect to
presumptive embryonic and
extraembyronic territories [6].
This is an interesting observation,
because changes in the relative
size of embryonic and
extraembyronic territories are a
common theme in insect
evolution. The long germ mode of
development with a reduction of
the serosa anlage evolved
independently in several insect
groups [2]. In groups with
extreme long-germ primordia,
such as mosquitoes or higher
(cyclorrhaphan) flies, the
embryonic primordium expands
into the anterior pole of the egg
[14]. In these taxa, the
extraembyronic primordia are
shifted entirely to the embryo’s
dorsal side (Figure 1D,E),
independently of whether the full
complement of extraembryonic
epithelia (amnion and serosa in
mosquitoes) or a much-reduced
version (amnioserosa in
cyclorrhaphan flies) is formed. In
both cases, however, the
suppression of serosal cell fate
specification at the egg’s anterior
pole correlates with the
occurrence of a strictly localized
anterior determinant [15,16].
Although the identity of this factor
in the mosquito lineage is still
unknown, the comparative
analyses suggest that changes in
the embryonic fate map may have
promoted or facilitated the
evolution of the ‘bicoid principle’
of anterior patterning.
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Figure 1. Extraembryonic epithelia in insect evolution.
(A–C) Reorganization of extraembryonic epithelia in Tribolium development. Con-
secutive stages are shown in schematic cross-sections (dorsal up) to illustrate the
fusion and reduction of the amnion and the serosa prior to dorsal closure as
reported in [6]. In higher dipteran embryos extraembryonic tissue forms only at the
dorsal side. (D) The expression of zen in the extraembryonic primordium of the
beetle Tribolium is essential for establishing serosal cell fate [6]. Reproduced with
permission from [7]. E) Expression of zen in the fly Megaselia illustrates a fate map
shift that may have facilitated the evolution of a tightly localized anterior determi-

















The future is purchased by the
present
Samuel Johnson (1709-1784)
I would gladly pay you Tuesday
for a Hamburger today
Wimpy (early 20th century)
You used to be a smoker. Just
recently you decided, like millions
of other smokers each year, that
you wanted to quit. The reasons
seemed obvious: future health
problems, avoiding the disapproval
from your family and coworkers
and the nagging feeling that you
were not in full control of your own
behavior. You are sitting in a pub
with a friend who smokes. He has
just lit a cigarette and offers you
one too. This is the moment to tell
him about your new plans. Or is it?
Suddenly, you have second
thoughts. You are reminded how
much you like the aroma of
tobacco and the pleasure you get
from your first puff. After all, what
is one cigarette? If you stop
smoking tomorrow, it does not
matter what you do tonight. You
accept the offer and start smoking.
Like 81% of others that tried, your
attempt to quit failed within the
first month [1]. What went wrong?
We often choose alternatives
that are tempting in the short-term
over alternatives that are more
optimal in the long run. This self-
defeating behavior is even more
perplexing, as we are almost
always aware of the fact that our
choice is not in our own best self-
interest. Traditionally, it has been
assumed in the behavioral
sciences, especially in economics,
that decisions are perfectly
rational, in other words that we
choose the alternative that has
the most value for us [2]. This
assumption is clearly wrong. We
are persistently tempted by
immediate gratification. The
resulting behavioral problems are
ubiquitous and range from the
mildly dysfunctional, such as
procrastination, to the clinically
relevant such as overeating and
addiction. We do not seem to
choose what we value most. How
is this possible?
A new paper by Kalenscher et
al. [3], in this issue of Current
Biology, reports a first, pioneering
step towards an understanding of
this phenomenon. The authors
decided to study impulsivity and
self-control in the pigeon, an
animal model with a long history of
study in delayed-reward choice
tasks [4]. These experiments on
pigeons have an identical
structure to experiments that have
been done with human subjects
[5]. So for comparison, the pigeon
experiment will be translated into
the conditions faced by a human
in a similar experiment. In a typical
experiment a hungry pigeon is
placed into a box, where it is faced
with two different keys in one side
of the box. It has learned that
pecking of a key will lead to the
opening of a shutter in the wall of
the box, which allows access to
food. Pecking one of the keys
results in access to food after only
a brief waiting time, but the shutter
also closes faster, so that the total
amount of food that the pigeon
can get is small. Pecking the other
key results in longer food access,
but the bird has to wait longer. (In
the case of humans this would be
equivalent to a choice between,
for example, $1 today or $10 at
some later point.) 
To find out how pigeons handle
the trade off between reward
amount and delay, the
experimenter varies the longer
delay period. First, let’s start with
equal waiting times for both
rewards. (We would ask our
human subject “Would you prefer
$1 or $10 today?”) Naturally, the
pigeon will exclusively choose the
key leading to more food. Next, we
slowly lengthen the waiting time of
the large food amount option.
(“Would you prefer $1 today or $10
tomorrow, in a week, in a month,
in a year....”) The option where the
gratification is delayed becomes
less and less attractive, until the
pigeon switches its preference
and chooses the smaller, sooner
option instead of the larger, later
option. The length of the waiting
time that the pigeon or the human
is willing to accept is related to its
impulsiveness. Typically, a hungry
pigeon is not willing to wait longer
than a few seconds; humans are
less impulsive and are willing to
wait from days to decades,
depending on the reward.
Nevertheless, the principal
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Neuroeconomics: The Shadow of
the Future
Humans and other animals tend to disregard future benefits and costs
when choosing between immediate and delayed gratification. This
tendency can lead to the choice of options that are not in one’s own
long-term interest. A new study looks at the neurophysiological basis
of this self-defeating behavior.
